Abstract
The consumer information is shown in the black filled circles, whilst the sources are shown as contours (90% range) and filled ellipses (50% range). The consumers seem to lie close to the Zostera source so this is likely to form a substantial part of their diet.
• s ijk is the source value for consumer i on isotope j and source k. We write s ik to be the J-vector of 80 isotope source values for consumer i on source k, and s i to be the J × K matrix of source values for 81 consumer i.
82
• c ijk is the TEF value for consumer i on isotope j and source k. We write c ik to be the J-vector of TEF
83
values for consumer i on source k, and c i as the J × K matrix of TEF values related to consumer i.
84
• p ik is the dietary contribution of source k for consumer i. p i is the K-vector of dietary proportions for 85 consumer i. Estimation of these dietary proportions is the main focus of our analysis.
86
• ijk is a random noise term representing residual variation. We write i as the J-vector of residual 87 terms for consumer i, and set i ∼ N (0, Σ) with Σ a covariance matrix.
88
Using the notation above, we write our general model as:
We assume a hierarchical formulation so that s ik ∼ N (µ covariances of the sources and TEFs are estimated from the source and TEF experimental data.
92
Of particular interest is the modelling structure for the dietary proportions p. We use an isometric log-ratio
93
(ilr) approach as proposed by Egozcue et al. (2003) , though other transformations are available (see next
two sections for further discussion). The transformation is written as:
p i = ilr −1 (φ i ) simply involves exponentiating and re-normalising the values. There are two consequences 97 of working with the ilr. The first is that we now work in a K − 1 dimensional space. The second is that 98 there is no obvious link between the elements of φ ik and p ik , so we lose some degree of interpretability. We 99 further parameterise the transformed proportions so that φ ik ∼ N (γ ik , κ k ) with κ k quantifying a random 100 effect variance. Were we to use the centred log-ratio (clr) transform (equivalent to setting V = I; though 101 see Section 4 as to why we might not do this) then κ k would represent the consumer-level variance in diet 102 for source k. Finally we set γ ik to be a mean term restricted in some fashion to allow for estimation. A 103 multivariate prior for φ i would also be feasible. 
A Directed Acyclic Graph (DAG) is shown in Figure 2 . The sub-models for the sources and TEFs, namely 1 without explicit random effects across the dietary proportions, and with Σ set to zero. The sources and
138
TEFs are treated as independent across isotopes and are given fixed values for their mean and variance.
139
The dietary proportions are given independent Beta-distributed priors or, in a later version, a Dirichlet We now present three case studies and show how our general model can be used in each of the scenarios.
225
In the first case study we analyse the diet of a small sample of geese from data previously studied by Inger invertebrates. In all cases we run the models using the JAGS software and check convergence using the shows a matrix plot of the joint behaviour of the dietary proportions. 
256
There are many other useful statistics we can calculate here quite simply from the posterior distributions.
257
In particular, we can focus on individual level variation by calculating, for example, the probability that an 258 individual consumes more Zostera than another. Similarly with access to the variance parameters κ k we can 259 determine whether there is more variation amongst consumers in some sources rather than others. Lastly, it 260 is often desirable to perform model comparison diagnostics to determine whether certain parts of the model 261 can be removed without a detrimental effect on prediction. However, we do not perform any further analysis 262 on this data set, preferring instead to use these tools when analysing the more sophisticated data below. roughness parameter associated with source k and given a weakly informative Ga(2, 1) prior.
322
The sources are now described by a multivariate spline model so that source data pairs, denoted s jk (t) for the 323 source experimental data at time t on isotope j and source k, are given N X T β 1 , . . . ,
independently for each source k. The number of observations for each source is likely to be different, and
325
certainly not equal to the number of consumer observations N . Here, the spline parameters β j determine 326 the mean behaviour of the sources over time on isotope j. The J × J variance matrix Σ (t) is also allowed to 327 change over time with diagonal elements given log-splines: log(Σ jj (t)) ∼ N (X T β Σ , κ Σ ). The cross isotope August. Figure 9 shows the predictive distribution of the data under this model. The fit appears satisfactory. dietary sources. In the case studies above we have illustrated how some simple regression and smoothing models might be included. The results seem useful and allow for many interesting findings which would not have otherwise been possible without, e.g. the time series or spline components.
353
The main challenges in such models are that the source and TEF values are fully and correctly characterised.
354
It is a simple geometrical exercise to verify that if sources are missing from the data set, or that the TEF of Gaussian distributions to model non-parametric behaviour.
381
• Long-tailed multivariate distributions to account for outliers or small sample sizes. Clearly where 382 sample sizes are small the multivariate Gaussian assumption (especially for sources) may be invalid,
383
and thus heavier-tailed distributions may be required. One such which seems to be most easily fitted 384 is the Multivariate Normal-Inverse Gaussian (MNIG Barndorff-Nielsen, 1997) which has been used 385 previously in clustering and financial settings.
386
These are just three of the active areas of research to which SIMMs are being applied by our group. Many 387 others are likely to appear as the field advances. We hope to report soon on these exciting new developments. 
